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ABSTRACT 
 
This thesis deals with the development of the Micro-EDM with Micro-Actuator Tool 
Feed Control System. The objective of this thesis is to fabricate the machine by 
implementing the sensor by using the Amplified Piezoelectric Actuator as tool feed 
control system. The thesis describes the components that are essential to fabricate the 
machine. This research is done because there is a huge demand in the production of 
microstructures by a non-traditional method which is known as Micro-EDM. Micro-
EDM process is based on the thermoelectric energy between the workpiece and the 
electrode. This research also conducts a study about the dielectric flushing that is one of 
the most important parameters in Micro-EDM. The dielectric flushing removes the 
unwanted waste metal particles that will disrupt the machining process and will 
eventually affect the machining accuracy and precision. The development of the control 
circuit is also discussed in this thesis whereas the circuit is analyzed in OrCAD software 
to confirm the circuit validity for the use of controlling the Micro-EDM. Micro-EDM is 
a newly developed method to produce micro-parts which is in the range of 50µm - 
100µm. Micro-EDM is an efficient machining process for the fabrication of micro-metal 
hole with various advantages resulting from its characteristics of non-contact and 
thermal process. A pulse discharges occur in a small gap between the process of melting 
and vaporization. In this thesis describes the characteristics, the material removal rate, 
and the dielectric circulation system that are essential in the Micro-EDM process. 
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ABSTRAK 
 
Tesis ini berkaitan dengan pembangunan Mikro-EDM dengan Alat Sistem Kawalan 
Mikro-Aktuator. Tujuan tesis ini adalah untuk mebuat mesin ini dengan menerapkan 
sensor dengan menggunakan Aktuator yang diperkuatkan dengan Piezoelektrik sebagai 
sistem kawalannya. Tesis ini menggambarkan bahagian yang penting untuk membentuk 
mesin ini. Penelitian ini dilakukan kerana ada permintaan yang besar dalam pengeluaran 
barangan mikrostruktur dengan kaedah baru yang dikenali sebagai Mikro-EDM. Proses 
Mikro-EDM ini berdasarkan pada tenaga termoelektrik antara specimen dan elektrod. 
Penyelidikan ini juga merupakan kajian tentang proses peredaran dielektrik yang 
merupakan salah satu parameter yang penting dalam Mikro-EDM. Proses peredaran 
dielektrik ini menghilangkan sisa logam yang tidak diingini yang akan mengganggu 
proses mesin dan akhirnya akan mempengaruhi ketepatan mesin dan kepersisannya. 
Pembangunan rangkain kawalan juga dibahaskan dalam tesis ini dan rangkaian tersebut 
telah dianalisis dalam perisian Orcad untuk mengesahkan kesahihan litar untuk 
kegunaan mengendalikan mesin Mikro-EDM ini. Mikro-EDM adalah kaedah baru yang 
dibangunkan untuk menghasilkan bahagian mikro yang berada dalam julat 50µm-
100µm. Mikro-EDM ini merupakan proses pemesinan yang cekap untuk pembuatan 
lubang-lubang mikro-logam yang dihasilkan dari ciri-ciri tidak berhubung dengan 
specimen dan proses terma. Pembuangan pulsa terjadi di celah kecil antara proses 
pelakuran dan pengewapan. Ciri-ciri kadar penghapusan bahan, dan sistem peredaran 
dielektrik yang merupakan satu elemen yang penting dalam proses Mikro-EDM turut 
digambarkan di dalam thesis ini. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 INTRODUCTION 
 
In recent years the demand of micro parts has been increasing and the use of 
machining in micro scale became of outmost important. Recent studies have been 
conducted to optimize the full capacity of micro machining. In producing micro parts 
the use of Micro-EDM has been vastly used. Micro-EDM is produced micro parts for 
aerospace applications and small scale parts such as producing micro holes etc.  
 
Micro machining has been renowned to produce high aspect ratio micro 
products and there is a huge demand in the production of micro-structures by this non-
traditional method which is known as Micro-EDM (Electrical Discharge Machining). 
Micro-EDM concept is based on the thermoelectric energy between the workpiece and 
electrode. The working principles of EDM is based on the conversion if electrical 
discharge energy into thermal energy through a series of discrete electrical discharges 
occurring between the electrode and workpiece while immersed in the dielectric fluid 
(Kumar et. al., 2009). Micro-EDM is an efficient machining process for the fabrication 
of micro-metal hole with various advantages resulting from its characteristic of non-
contact and thermal process. A pulse discharge occurs in a small gap between the 
workpiece and the electrode at the same time removes the unwanted material from the 
parent metal through the process of melting and vaporization. 
 
Piezoelectric actuator is one of the most important mechanism in a Micro-EDM 
because a piezoelectric actuator controls the displacement of the Z-axis movement of 
the tool feed mechanism. Piezoelectric actuators are important in optics, space, aircraft, 
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biomedical, and manufacturing field whereas in those field there is a strong need for a 
compact, robust, and efficient positioning mechanism that offer high precision, short 
response time, low power consumption, low electromagnetic interference and multiple 
degree of freedom (Claeyssen et. al., 2002).Piezoelectric is the best candidate to build a 
servo-feed mechanism since it has high precision and low power consumptions. In 
additional to that a piezoelectric actuator has fast response time where fast response is 
crucial in order to avoid short-circuit between the tool electrode and the workpiece 
when the erosion process takes place. 
 
1.2 PROBLEM STATEMENT 
 
Recent developments in Micro-EDM have made Micro machining a crucial 
process in manufacturing microproducts. Micro-EDM is needed for a high precision 
machining where high precision machining is needed to produce microproducts that is 
essential in the future. In machining process there are countless problems that can 
reduce the quality of the product and that will affect the cost of the machining. In micro-
EDM drilling, producing blind holes is stated as a problem because wear will constantly 
reduce the length of the electrode. Problems regarding the electrode wear will affect the 
erosion process where when eroding down to a fixed depth, the real depth of the hole 
will be significantly small. It becomes more complicated when machining complex 3D 
micro-cavities. High wear rate will cause more frequent wire breaks. This is because 
wear reduces the cross section of the micro-wire therefore the maximum tension the 
wire can take reduces as the cross section area of the micro-wire decreases.This will 
affect the spark gap where the spark gap area will change as the electrode moves down 
feeding in the Z-axis direction.The absence of the dielectric flushing will result in low 
precision machining processes. The decomposition on the tool electrode and the 
workpiece will make the machining process hard to commence because the decomposed 
carbon particles will block the surface that is supposed to be machined. The machining 
process will become more complicated since the tool electrode is expensive to fabricate 
the machining process must be done accurately in order to lower the machining cost.   
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1.3 OBJECTIVES OF THE RESEARCH 
 
The objectives of the study are: 
 
(i) To study the piezoelectric-actuator as a tool feed control system 
(ii) To design the reservoir tank and circulation system 
(iii) To determine the comparison of material removal rate between theoretical 
and experimental 
 
1.4 SCOPE OF PROJECT 
 
This study is to develop a Micro-EDM with micro actuator tool feed system by 
using a piezoelectric actuator. The piezoelectric is a sensor that has high positioning 
precision, high resolution, quick response to feedback and it can also acts as both 
actuator and sensor. The required model of the piezoelectric actuator is analyzed from 
Cedrat Technologies and the preferred model for the experiments will be purchased. 
Previous design uses a servo motor as the tool feed control system where the servo 
motor is not accurate because the maximum displacement is not as small as the 
piezoelectric actuator where the piezoelectric actuator scale is in micro-scale. 
 
Based on previous research circuitry on micro-EDM the circuit will be evaluated 
and produced based on the needs of our project. The study and interpretation of a 
rectifier circuit of Micro-EDM will be conducted in this project. Dielectric flushing is 
essential in Micro-machining because dielectric flushing will remove the waste metal 
particle that decomposes on the tool electrode. A dielectric circulation system will be 
proposed in this study and based on the design of the reservoir tank (dielectric tank). 
The circulation system is chosen based on the most suitable flushing system that can 
flush the dielectric fluid and cast away the unwanted waste metal particle after the 
machining processes. The circulation system in the tank is to ensure the dielectric fluid 
can flush the waste metal particles and cool the electrode. 
 
   
 
 
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
Micro Electrical Discharge machining is quite similar with the principals of 
Electrical Discharge Machining. Electro discharge machining (EDM) is a thermal 
process that uses electrical discharges to erode electrically conductive materials. EDM 
has a high capability of machining the accurate cavities of dies and molds (Zarepur et. 
al., 2007) EDM is an effective technique in the production of micro components that are 
smaller than 100µm. EDM is a contactless process that exerts every small force on both 
the work piece and tool electrode. EDM is a process that provides an alternative method 
to produce microstructures. It is also states that the micro EDM is similar to the 
principal of macro EDM where the process mechanism is based on an electro-thermal 
process that relies on a discharge through a dielectric in order to supply heat to the 
surface of the work piece. The current causes the heating of the dielectric, the work 
piece, and the electrode. The dielectric forms a channel of partially ionized gas. The 
discharge power is dissipated in the plasma channel with amount between 2% and 10%. 
The channel acts as a heat source on the surface of the work piece. Then the work piece 
is locally heated beyond its melting point and removed after the material ejected 
solidifies within the cooler dielectric medium. The significant difference between micro 
and macro EDM is the plasma channel radius (diameter). In macro EDM the plasma 
size is larger by several orders of magnitude than the plasma channel radius. The size of 
the plasma channel can be changed by the pulse duration because the channel radius 
increases as the time increases. If the pulse duration time allows the channel to expand 
until it is larger than the electrode diameter, the rate of its expansion will change. 
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2.2 PRINCIPLE OF MICRO-EDM 
 
Micro EDM is based on a simple theory, when two electrodes is separated by a 
dielectric medium, come closer to each other, the dielectric medium that is initially non-
conductive breaks down and becomes conductive (Murali et. al., 2004). During this 
period sparks will be generated between the electrodes. The thermal energy released 
will be used for the material removal by melting and evaporation. By precisely 
controlling the amount energy released, it is possible to machine micro features on any 
electrically conductive material.  
 
 
 
Figure 2.1: Concept of EDM 
 
In the gap filled of insulating medium most preferable a dielectric liquid such as 
hydrocarbon oil or de-ionized water between the tool and electrode occurs the 
discharging of the pulsed arc (Kunieda et. al., 2005). The insulating medium is to avoid 
the electrolysis effects on the electrodes during the EDM process. The electrode shape is 
copied with an offset equal to the gap size and the liquid will be selected to minimize 
the gap in order to obtain precise machining. To make sure it is safe, a certain gap width 
is needed to avoid short circuiting especially for electrodes that are sensitive to vibration 
or deformation is used. Initially, a high voltage current is needed to discharge in order to 
overcome the dielectric breakdown strength of the small gap. Formed between the 
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electrodes is a channel of plasma (ionized and electrically conductive gas with high 
temperature) and it will develops further depends on the discharge durations. 
 
Discharge occurs at high frequencies between 10
3
 and 10
6
 hertz since the metal 
removal per discharge is very small. For every pulse, discharge occurs at a particular 
location where the electrode materials are evaporated or ejected in the molten phase 
then a small crater is generated both on the tool electrode and workpiece surfaces. The 
removed material are then cooled and re-solidified in the dielectric liquid forming 
several hundreds of spherical debris particles which will be flushed away from the gap 
by the dielectric flow. 
 
At the end of the discharge duration, the temperature of the plasma and the 
electrode surfaces that is in contact of the plasma rapidly drops, resulting in the 
recombination of ions and electrons also the recovery of the dielectric breakdown 
strength. To obtain stable condition in EDM, it is important for the next pulse discharge 
occur at a spot distanced sufficiently far from the previous discharge location. This is 
because the previous location will result in having a small gap and it is contaminated 
with debris particles which may weaken the dielectric breakdown strength of the liquid. 
The time interval for the next discharge pulse should be long so that the plasma that is 
generated by the previous discharge can be fully de-ionized and the dielectric 
breakdown strength around the previous discharge location can be recovered by the time 
the next voltage charge is applied. If happens that the discharges occurs at the same 
location, resulting in thermal overheating and non-uniform erosion of the workpiece. 
 
2.3 TYPES OF EDM PROCESS 
 
2.3.1 Sinking EDM 
 
The sinking electrical discharge machining is as shown in Figure 2.2. The 
workpiece can be formed either by replication of a shaped tool electrode or by 3-
Dimensional movement of a simple electrode similar to milling or we can use the 
combination of the both the methods. Normally we use copper or graphite as the 
electrode material. The numerical control monitors the gap conditions and 
